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1. Introduction
In TR 23.703 there are mainly four different types of solutions for ProSe UE-to-Network Relays:

· Solutions performing relay functionality in the IP layer
· This is described in solutions R3, R11, R12;
· Solutions relying on Application-Level Gateway (ALG) function in the relay node
· This is described in solutions R6, R7, R8;
· A solution based on a variant of Rel-10 Relays

· This is described in solution R9;
· A solution based on a layer 2 relaying
· This is described in solution R10.

This paper looks at the stage 1 requirements, a tentative solution and proposes a way forward for ProSe UE-to-Network Relays.
2. Requirements for ProSe UE-to-Network Relays
The following stage 1 requirements on ProSe UE-to-Network relays can be found in TS 22.278.
-
ProSe Communication is also facilitated by the use of a ProSe UE-to-Network Relay, which acts as a relay between E-UTRAN and UEs not served by E-UTRAN. The use of this relay function is controlled by the operator.
-
An authorised Public Safety ProSe-enabled UE, whether or not it is served by E-UTRAN, may be capable of acting as a relay for other public safety UEs. 
-
A ProSe UE-to-UE Relay and a ProSe UE-to-Network Relay shall be able to relay data for a group of Public Safety ProSe-enabled UEs using ProSe Group Communications regardless of their group membership.
-
An authorised Public Safety ProSe-enabled UE, whether or not it is served by E-UTRAN, shall be capable of being enabled/disabled by a user or the system to act as a relay for other Public Safety ProSe-enabled UEs.
-
The user of a Public Safety ProSe-enabled UE acting as a relay should not perceive service degradation due to its use as a relay, regardless whether or not the Public Safety ProSe-enabled UE is served by E-UTRAN.
-
There shall be a maximum of one ProSe UE-to-Network Relay between a Public Safety ProSe-enabled UE and E-UTRAN. 
-
A Public Safety ProSe-enabled UE shall be capable of acting as a ProSe UE-to-Network Relay between a UE and E-UTRAN if it is authorised to act as a relay and served by this E-UTRAN.
-
A Public Safety ProSe-enabled UE shall be capable of acting as a relay regardless of whether or not it has been discovered by a Public Safety ProSe-enabled UE using it as a relay if they are within Communication Range.
-
In the case where communication is relayed by a ProSe UE-to-Network Relay between an E-UTRAN and a Public Safety ProSe-enabled UE there shall be no ProSe UE-to-UE Relays between the Public Safety ProSe-enabled UE and E-UTRAN.
-
An authorised Public Safety ProSe-enabled UE shall be capable of being enabled/disabled to act as a relay to/from E-UTRAN for other Public Safety ProSe-enabled UEs unable to access E-UTRAN.
-
Based on operator policy and user choice, the system shall be able to move a user traffic session of a Public Safety ProSe-enabled UE that is losing connection to the network to a direct ProSe Communication path via a Public Safety ProSe-enabled UE acting as a ProSe UE-to-network relay, which is in direct Communication Range and has connectivity to the network. A mechanism to support service continuity shall be provided and may apply when the traffic is moved. This requirement is not applicable to ProSe Group Communication and ProSe Broadcast Communication.

-
Based on operator policy, the operator network shall be able to control the relaying of network services between Public Safety ProSe-enabled UEs communicating by means of ProSe.

-
Based on operator policy, the operator network shall be able to control ProSe E-UTRA Communication between Public Safety ProSe-enabled UEs that are in ProSe E-UTRA Communication with a Public Safety ProSe-enabled UE that is served by E-UTRAN and acting as their ProSe UE-to-network relay. This requirement applies to any ProSe E-UTRA Communication between two Public Safety ProSe-enabled UEs, ProSe Group Communication and ProSe Broadcast Communication.
3. A tentative solution for ProSe UE-to-Network Relays
Considering the stage 1 requirements as stated in TS 22.278, a solution for UE-to-Network Relays in Rel-12 based on IPv6 packet forwarding is proposed here. It shall be noted that certain functionality such as session continuity is not expected to be specified in Rel-12, but the relay solution should be forward compatible to support added features in later releases.

The proposed relay solution over the PC5 reference point is based on the RAN ProSe lower layer communication mechanisms described in the RAN chairman’s report (SP-130470) as what will be prioritized in Rel-12:

RAN is studying a single mechanism that would support broadcast-, group- and 1:1 communication, implemented by a broadcast mechanism at the physical layer.

There is a ProSe Relay discovery procedure where the out-of-coverage UEs can find UE’s in network coverage that can act as a ProSe Relay. A UE acting as a ProSe UE-to-Network Relay or with that capability broadcast this to announce itself and the relay service that it provides to other out-of-coverage ProSe enabled UE’s within its Public Safety group. Alternatively, an out-of-coverage ProSe enabled UE may solicit a relay service from a Prose UE in network coverage by means of broadcasting a Relay solicitation message. A Prose UE in network coverage that can act as a ProSe Relay acknowledges this request and a relay connection is set up.
Further on it is proposed that Public Safety ProSe enabled UE’s only uses IPv6 for ProSe communication and that the UE-to-Network Relay solution supports both IPv6 unicast and multicast forwarding. The Prose UE-to-Network Relay acts as an IP relay by forwarding IPv6 packets between out-of-coverage UEs and E-UTRAN.
When a Public Safety ProSe enabled UE that are out-of-coverage needs IP connectivity it starts the ProSe Relay discovery procedure and sets up a connectionless device-to-device (D2D) link with a suitable ProSe UE-to-Network Relay. It is assumed that the D2D link only offers best effort services and no QoS differentiation. Further on, it is assumed that the D2D link over PC5 reference point need to be secured on the ProSe layers and provide confidentiality and integrity protection for both signalling and user data. The ProSe UE-to-Network Relay may set up a separate “relay PDN connection” for the relay traffic in order not to cause the user of a Public Safety ProSe-enabled UE acting as a relay a service degradation due to its use as a relay. During the connection procedure the ProSe UE-to-Network relay may also authorise the out-of-coverage UE based on the credentials and identities exchanged. As part of this procedure the out-of-coverage ProSe UE is also allocated an IPv6 address either by using IPv6 stateless address auto configuration or by IPv6 Prefix Delegation via DHCPv6 to allocate prefixes to different groups. During the authorization procedure the out-of-coverage ProSe UE is only allowed to communicate with the ProSe function, i.e. the traffic is controlled by TFT filters on the bearer that is used.
If a Public Safety ProSe enabled UE with a ProSe relay connection starts an application with specific QoS requirements that will be triggered in the normal way by application layer signalling to the application server. The application server then triggers the set-up of specific resources by signalling to the PCRF. Based on existing PCC procedures, either a new dedicated bearer is established between the PGW and the ProSe UE-to-Network Relay or an existing dedicated bearer is modified to accommodate the new bearer requirements. An example of this could be a ProSe enabled UE initiating a VoLTE call.
3.1
ProSe UE-to-Network Relay procedures
As can be seen in the figure below, the ProSe UE-to-Network relay procedure can be divided into three phases, i.e.:
-
Relay discovery;
-
Relay link establishment; and
-
Relay communication.
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Figure 3.1-1: ProSe UE-to-network Relay procedures
3.2
ProSe UE-to-Network Relay protocol stacks

Over the PC5 reference point there is a need for a simplified control plane between the Public Safety ProSe enabled UE and the ProSe UE-to-Network Relay that supports signalling for relay discovery and relay link establishment. The figure below shows the control plane for the PC5 reference point.
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Figure 3.2-1: Protocol stack for the relay set-up phase over PC5
NOTE: RAN will be specifying the lower layers of the PC5 control plane protocol stack.
The user plane for the ProSe UE-to-Network relaying is based on IPv6 packet forwarding between out-of-network UEs and the EPC network as described in clause 3 above.
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Figure 3.2-1-2: Protocol stack for the UE-to-Network relay user plane
NOTE: RAN will be specifying the lower layers of the PC5 user plane protocol stack.
4. Way forward for ProSe UE-to-Network Relays
Comparing the proposal in this contribution, as well as existing IP relaying solutions R3, R11 and R12 in TR 23.703 for ProSe UE-to-Network Relay, with the other solutions R6, R7, R8, R9 and R10, a number of conclusions can be drawn, e.g.:
-
IPv6 relaying by simple IP forwarding mechanisms is more efficient than the other solutions;
-
IPv6 relaying needs less standardisation work than the other solutions;

-
IPv6 relaying needs less to implementation effort in both the out-of-network UEs and in the UE-to-Network Relay, since no additional application level relay functionality as in solutions R6, R7 and R8 is needed;

-
No need for IPv4 address allocation and NAT functionality if only IPv6 with auto address configuration and IPv6 prefix delegation is used;
-
IPv6 relaying by simple IP forwarding mechanisms has less RAN impacts compared to R9; and

-
No need for Operator administration and control of the ProSe UE-to-Network Relay as in solution R9.
Based on the conclusions above for the ProSe UE-to-Network Relay function, it is therefore proposed to specify a solution based on IPv6 packet forwarding between out-of-network UEs and the EPC network, as described in clause 3 above.
5. Proposal

It is proposed to agree on the following proposals as working assumptions for ProSe UE-to-Network Relays in Rel-12 and capture the following text in TR 23.703.
	***** Start Changes *****


7
Evaluation 

Editor's Note:this clause contains the overall evaluation of various solutions.
7.1 
Evaluation of UE to Network Relay

Comparing against the proposed solution, as well as existing IP relaying solutions R3, R11 and R12 in TR 23.703 for ProSe UE-to-Network Relay and comparing with the other solutions R6, R7, R8, R9 and R10, a number of conclusions can be drawn, e.g.:

-
IPv6 relaying by simple IP forwarding mechanisms is more efficient than the other solutions;

-
IPv6 relaying needs less standardisation work than the other solutions;

-
IPv6 relaying needs less implementation effort in both the out-of-network UEs and in the UE-to-Network Relay, since no additional application level relay functionality as in solutions R6, R7 and R8 is needed;

-
No need for IPv4 address allocation and NAT functionality if only IPv6 with auto address configuration and IPv6 prefix delegation is used;

-
Avoid the complexity of the Uu interface to have the eNB to handle security per bearer (that runs towards the out-of-coverage UEs) instead of per UE and PC5 to be more complex with a “NAS/RRC like” ProSe control protocol in solution R10 compared to the proposed solution;

-
Bundling multiple EPS bearers within one PDN connection with different IP addresses would be a major change to the current architecture (e.g. as required in solution R10);

-
IPv6 relaying by simple IP forwarding mechanisms has less RAN impacts compared to R9; and

-
No need for Operator administration and control of the ProSe UE-to-Network Relay as in solution R9.
	***** Next Change *****


8
Conclusions

Editor’s Note: The clause will capture agreed conclusions from the Key Issues and Architecture Solutions clauses. 

8.x
Key Issue #5: Relay for Public Safety ProSe
8.x.1
Partial conclusions

In this release, UE-to-Network relaying shall be supported using an IP layer packet forwarding approach described in clause 8.x.2 based on and including aspects from solutions R6, R7, R8 and R12.
The agreed solution has the following properties (not an exhaustive list):

· ProSe Communication is facilitated by the use of a ProSe UE-to-Network Relay, which acts as a relay between E-UTRAN and UEs out-of-coverage not served by E-UTRAN;

· ProSe UE-to-Network relay services is only provided to Public Safety ProSe-enabled UEs;

· A ProSe UE-to-Network Relay UE is authorized by the EPS during the attach procedure to be able to act as a UE-to-Network relay;

· A ProSe out-of-coverage UE is authorized by the ProSe function, via user plane signalling, to use relay services provided by the ProSe UE-to-Network Relay UE it has established a D2D link with;

· ProSe relay services is provided by means of the IP layer packet forwarding in the UE acting as a ProSe UE-to-Network Relay;

· Only the IPv6 addressing is used for ProSe relay services;

· A ProSe relay discovery procedure is used to find a suitable ProSe UE-to-Network Relay, which acts as a relay between E-UTRAN and UEs that are out-of-coverage;

· A connectionless, best effort with no QoS differentiation, device-to-device (D2D) link, over PC5, is established between the ProSe UE-to-Network Relay and the out-of-coverage UE;

· The PC5 reference point is secured on the lower ProSe layers in terms of providing confidentiality and integrity protection for both signalling and user data;

· The ProSe relay service support unicast IP packet forwarding in the uplink direction and both unicast and multicast IP packet forwarding in the downlink direction; and

· Applications in the out-of-coverage UE requiring specific QoS may request this by application layer signalling to the application server, which in turn requests specific resources by means of normal PCC procedures via the Relay UE.

8.x.2
Solution : IPv6 packet forwarding as ProSe UE-to-Network Relay

8.x.2.1
Functional description

The solution for UE-to-Network Relays in Rel-12 is based on IPv6 packet forwarding. It shall be noted that certain functionality such as session continuity is not expected to be specified in Rel-12, but the relay solution should be forward compatible to support added features in later releases.

The proposed relay solution over the PC5 reference point is based on the RAN ProSe lower layer communication mechanisms described in the RAN chairman’s report (SP-130470) as what will be prioritized in Rel-12:

RAN is studying a single mechanism that would support broadcast-, group- and 1:1 communication, implemented by a broadcast mechanism at the physical layer.

There is a ProSe Relay discovery procedure where the out-of-coverage UEs can find UE’s in network coverage that can act as a ProSe Relay. A UE acting as a ProSe UE-to-Network Relay with the capability via broadcast,   announces itself and the relay service that it provides to other out-of-coverage ProSe enabled UE’s within its Public Safety group. Alternatively, an out-of-coverage ProSe enabled UE may solicit a relay service from a Prose UE in network coverage by means of broadcasting a Relay solicitation message. A Prose UE in network coverage that can act as a ProSe Relay acknowledges this request and a relay connection is set up.

Public Safety ProSe enabled UE’s only uses IPv6 for ProSe communication and that the UE-to-Network Relay solution supports both IPv6 unicast and multicast forwarding. The Prose UE-to-Network Relay acts as an IP relay by forwarding IPv6 packets between out-of-coverage UEs and E-UTRAN.

When a Public Safety ProSe enabled UE that are out-of-coverage needs IP connectivity it starts the ProSe Relay discovery procedure and sets up a connectionless device-to-device (D2D) link with a suitable ProSe UE-to-Network Relay. It is assumed that the D2D link only offers best effort services and no QoS differentiation. Further on, it is assumed that the D2D link over PC5 reference point need to be secured on the ProSe layers and provide confidentiality and integrity protection for both signalling and user data. The ProSe UE-to-Network Relay may set up a separate “relay PDN connection” for the relay traffic in order not to cause the user of a Public Safety ProSe-enabled UE acting as a relay a service degradation due to its use as a relay. During the connection procedure the ProSe UE-to-Network relay may also authorise the out-of-coverage UE based on the credentials and identities exchanged. As part of this procedure the out-of-coverage ProSe UE is also allocated an IPv6 address either by using IPv6 stateless address autoconfiguration or by IPv6 Prefix Delegation via DHCPv6 to allocate prefixes to different groups. During the authorization procedure the out-of-coverage ProSe UE is only allowed to communicate with the ProSe function, i.e. the traffic is controlled by TFT filters on the bearer that is used.

If a Public Safety ProSe enabled UE with a ProSe relay connection starts an application with specific QoS requirements that will be triggered in the normal way by application layer signalling to the application server. The application server then triggers the set-up of specific resources by signalling to the PCRF. Based on existing PCC procedures, either a new dedicated bearer is established between the PGW and the ProSe UE-to-Network Relay or an existing dedicated bearer is modified to accommodate the new bearer requirements. An example of this could be a ProSe enabled UE initiating a VoLTE call.

8..x.2.2
ProSe UE-to-Network Relay procedures
As can be seen in the figure below, the ProSe UE-to-Network relay procedure can be divided into three phases, i.e.:

-
Relay discovery;

-
Relay link establishment; and

-
Relay communication.
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Figure 8.x.2-1: ProSe UE-to-network Relay procedures

8.x.2.3
ProSe UE-to-Network Relay protocol stacks
Over the PC5 reference point there is a need for a simplified control plane between the Public Safety ProSe enabled UE and the ProSe UE-to-Network Relay that supports signalling for relay discovery and relay link establishment. The figure below shows the control plane for the PC5 reference point.
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Figure 8.x.2.3-1: Protocol stack for the relay set-up phase over PC5 

The user plane for the ProSe UE-to-Network relaying is based on IPv6 packet forwarding between out-of-network UEs and the EPC network as described in clause 3 above.
NOTE: RAN will be specifying the lower layers of the PC5 control plane protocol stack.
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Figure 8.x.2.3-2: Protocol stack for the UE-to-Network relay user plane

NOTE: RAN will be specifying the lower layers of the PC5 user plane protocol stack.
	***** End of Changes *****
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ProSe
Fcn (Relay)


Application


ProSe UE B / Relay


App Server


ProSe UE B announce UE-to-NW relay (Alternative B)


Announce UE-to-NW Relay (ProSe Relay ID???)


??NW access request (any application needs network access?)


Response from potential UE-to-NW relay (ProSe ID)???


Application request for ”UP access”??? 


Authorization request for ProSe UE A ??


Auth request???


Auth response ???


Auth response ???


Relay access authenticated (ProSe Relay ID)???


Request for ”UP access” ???


??NW accessneeded


Relay UE request additional PDN Connection/Bearer


”UP access” Ack???


D2D Communication


IP forwarding


ProSe
Fcn (Relay)


Application


ProSe UE A / User x


ProSe
Fcn


EPS


ProSe UE A request UE-to-NW relay (alternative A)


ProSe
Fcn (Relay)


Application


ProSe UE B / Relay


App Server


Relay UE attach to the EPS network


Request for UE-to-NW Relay (ProSe UE ID)


Application indicates need for NW access (UE out of E-UTRAN covergae)


Response from potential UE-to-NW relay (ProSe UE ID, ProSe Relay ID)


Authorisation Request for UE A


D2D link establishment


Auth request


Auth response


Authorisation Response for UE A 


Indication to application(s) of NW access (UE out of E-UTRAN covergae)


ProSe UE B announce UE-to-NW relay (Alternative B)


Announce UE-to-NW Relay (ProSe Relay ID)


Indication to application(s) of NW access (UE out of E-UTRAN covergae)


Authorisation Request for UE A


Auth request


Auth response


Authorisation Response for UE A


Application indicates need for NW access (UE out of E-UTRAN covergae)


Network initiated bearer modification 


Network initiated bearer modification 


Application my request updated reources e.g. higher QoS which is accomplished by using existing network initiated bearer modification procedures


D2D Communication


IP forwarding


D2D link establishment


UP Traffic


UP Traffic


UE starts listening for UE-to-NW relay announcements


Resquest for relay access (ProSe UE ID, ProSe Relay ID)


Response from UE-to-NW relay (ProSe UE ID, ProSe Relay ID)



